Piglets were provided supplemental energy as oral doses of corn oil to find whether such treatment might improve survival or weight gains. A total of 1,840 piglets from 182 litters was used. Piglets were allotted to dosed and control treatments within litter on the basis of body weight. Dosed piglets received a total of 8 ml of corn oil in four doses during the first 48 h postpartum. The survival rate to weaning was high and not affected (P>.IO) by the corn oil doses. Deaths of piglets low in birth weight were delayed by the fat doses, suggesting some utilization. The fat doses did not affect piglet weight gain. Factors affecting preweaning survival and growth of pigletS were also evaluated using data from the same piglets. Specific factors investigated were sex, parity of dam, birth weight, litter size and the mean and standard deviation of piglet birth weights within litters. Male piglets were heavier at birth than females, but there was no sex effect on weight at 7 d or at weaning. Small males were less likely to survive to 3 d than were sma/1 females. Litters from primiparous sows were smaller at birth and weaning, but had lower percentages of stillbirths and of preweaning deaths than did those from multiparous sows. Piglets from primiparous sows were more uniform in birth weight. Piglets that were heavier at birth grew faster and were more likely to survive. Litter size affected growth but not survival of piglets. A heavier average birth weight in the fitter reduced slightly the growth rate of individual piglets. An increase in variability of piglet birth weight within a litter was associated with an increase of the percentages of stillbirths and of preweaning mortality. A few litters accounted for a major portion of the mortality. Much of the variation in piglet mortality and growth was not explained by factors considered.
Introduction
A low survival rate of piglets remains a major problem in the swine industry. Several investigators, including Fahmy and Bernard (1971) , Bereskin et al. (1973) , Hartsock and Graves (1976) and Hendrix et al. (1978) , have studied characteristics of piglets and litters that affect their prospects for survival. The studies by Fahmy and Bernard (1971) and Bereskin et al. Received November 14, 1984 . Accepted September 20, 1985 (1973) are quite impressive because of their extremely large bodies of data, encompassing over 700 and over 10,000 litters, respectively. However, both studies were conducted prior to important changes in management techniques and facilities, and many litters in both studies were inbred. Thus, the reproductive performance was rather poor. For example, both showed average litter size at weaning to be less than seven pigs. Their results need verification in herds with reproductive performance more similar to that obtained in efficient commercial herds. The addition of fat to sow diets in late gestation often improves the survival rate of the piglets (Pettigrew, 1981) . This improvement appears to be mediated largely through an increase in the amount of colostral and milk fat provided to the piglets (Pettigrew, 1981) . Because the additional fat provided to piglets through the mammary secretions appears to enhance their survival rate, perhaps the same result can bc achieved by providing fat directly to the piglet rather than through the sow.
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J. Anita. Sci. 1986.62:601-612 Previous studies of oral dosing of fat to piglets (Bruegger and Conrad, 1972a,b) have not demonstrated beneficial effects, but have used too few piglets to find an improvement in survival rate. Provision of supplemental milk replacer by stomach tube to nursing piglets low in birth weight markedly improved their survival rate (Moody et al., 1966) . The primary objective of this study was to determine whether providing oral doses of fat to piglets could be a practical means of increasing piglet survival rates in commercial pork production units. Corn oil was chosen as the fat source to be used because it is easily obtained and handled. A secondary objective was to examine factors affecting piglet preweaning survival and growth. Specific factors investigated were sex, parity of dam, birth weight, litter size and the mean and standard deviation (SD) of piglet birth weights within litters.
Experimental Procedure
A total of 1,963 piglets was born in 182 litters, of which 1,876 were born alive. This includes 36 piglets dead at first observation but judged by the herdsman to have been alive at birth; this judgment was based upon the location of the dead piglets in the farrowing crate. This left 1,840 piglets to be assigned to treatments in this study. All piglets were crossbred, with several breeds (Hampshire, Duroc, Yorkshire, Landrace, Chester White) contributing to the genetic background. Within each litter the piglets were allotted to treatment as follows: The live piglets within the litter were ranked with regard to birth weight from smallest to largest. In odd-numbered litters, the smallest piglet was assigned to the control group, the next two piglets to the treatment group, the next two piglets to the control group and so on. In even-numbered litters, the treatment assignments were reversed. This allotment procedure equalized as nearly as possible the birth weight of piglets on the two treatments.
The corn oil treatment consisted of delivering small doses of corn oil by syringe into the mouth of the piglet on four occasions within the first 48 h postpartum. If the litter was farrowed during the night or early morning, the doses were given on the morning and afternoon of the first day and again on the morning and afternoon of the second day. If the litter was farrowed during the day, the doses were given on the afternoon of the first day, the morning and afternoon of the second day and the morning of the third day. The four doses, each 2 ml, resulted in a total dose during the first 48 h of 8 ml corn oil/piglet. This conservative fat dose was chosen to avoid digestive problems. A large, but unspecified, quantity of fat in the gastrointestinal tract slows gastric emptying (Kidder and Manners, 1978; Moran, 1982) , and a very large dose (50 ml) reduces subsequent milk consumption by nursing piglets (Houpt et al., 1977) .
The control piglets in the present study received no sham treatment or special handling because the intent was to evaluate the overall effect of corn oil dosing as it might be applied in commercial pork production, not just to evaluate the effect of the corn oil per se. Piglet deaths were recorded daily and were summarized over the first 3 d as well as over the total birth-to-weaning interval. Piglets were weighed at 7 d of age and at weaning.
Sows were fed typical diets based on corn and soybean meal, without supplemental fat. Sows and litters were housed in farrowing crates in buildings with fan-powered ventilation systems and heaters. Ambient temperatures were usually between 20 and 25 C. Piglets were provided supplemental heat by heat lamps. The buildings were thoroughly cleaned between farrowing groups.
In evaluating the effects of various factors on survival, the data were analyzed statistically by two methods. First, the effects of corn oil treatment, sex of piglet and parity of dam on individual piglet survival were tested using 2 • 2 contingency tables with chi-square as the test statistic. This test does not allow the use of covariates. Second, the effects of various factors on the within-litter percent survival were tested by analysis of variance. Characteristics whose effects were examined in these analyses of variance were the linear and quadratic effects of litter size and linear effects of within-litter mean and SD of birth weight; farrowing group also was included in the model with these continuous variables. Similarly, the effects of parity of dam on litter size at birth and weaning were tested by analysis of variance where farrowing group, sex and corn oil treatment were included in the model Effects of corn oil treatment and other factors on piglet weight at birth, 7 d and weaning were tested by analysis of variance, using models described in the appropriate tables. All analyses of variance were performed using the General Linear Model procedure of the Statistical Analysis System (SAS, 1979) .
The standard deviation is used throughout as a measure of variation in birth weight among littermates rather than the coefficient of variation because it differentiates more clearly between the effects of mean birth weight and the variation in birth weights.
Resu Its
Provision of corn oil orally to the piglets did not improve the overall survival rate to 3 d or The piglets in this study were separated into five birth-weight classes (table 3) . Among piglets with a birth weight between 1,000 and 1,250 g, the corn oil improved the survival rate to 3 d of age (P<.05), but not to weaning. There were no other significant effects of the treatment on survival rate in any of the birth weight classes. The positive effect at 3 d of age but not at weaning suggests that mortality in this birth weight class was simply delayed by the fat-dosing treatments. This is confirmed by figure 1, which indicates the piglet deaths by day of age within this birth-weight class and by treatment. A delay in mortality is obviously of no economic benefit. However, it does indicate that there was an effect of the treatment, and suggests that there was utilization of the corn oil during the treatment period.
The average piglet weight at birth, 7 d of age and weaning for each treatment is presented in table 4. There were no treatment effects on weight at either 7 d or weaning. The average birth weight in this experiment was high (1.44 kg). Weaning weights are typical for this weaning age. There were differences in weight (P<.05) among farrowing groups at all ages.
Piglets born dead and those that died before their littermates were allotted to the corn oil treatments were included in the consideration of the effects of other factors on preweaning performance. Thus, the total number of piglets summarized in these evaluations is different from the number used in the evaluation of the corn oil doses.
The effect of the sex of the piglet on its prospects for survival and growth are shown in table 5. These data fail to support the observation by Bereskin et al. (1973) that more than one-half of the live-born piglets were male. There was no sex effect on the percentage of piglets stillborn (P>.10). The finding by Bereskin et al. (1973) that females have a greater survival rate from birth to weaning also was not duplicated in the present study. Male piglets were heavier at birth than were females (P<.03), in agreement with Bereskin et al. bOther compounds of the model were farrowing group, sex and linear and quadratic effects of number of piglets per litter.
cOther components of the model were as in footnote b plus linear and quadratic effects of birth weight and the linear effects of mean and standard deviation of piglet birth weights within the litter. dAverage age 26.7 d. Other components of the model were as in footnote c plus weaning age. (1973)i In fact, the birth weight advantage of the males was 31 g in both the present study and that of Bereskin et al. (1973) . Sex did not significantly affect piglet weight at 7 d or at weaning in this study.
Data from five of the eight farrowing groups distinguished between primiparous and multiparous sows. As expected, litter size was smaller (P<.05) in litters from primiparous than in those from muhiparous sows, whether mea- dOther components of the model were farrowing group and linear and quadratic effects of number of piglets per litter. eData in this format are least-squares mean -+ SE.
fOther components of the model were farrowing group, corn oil treatment, linear and quadratic effects of number of piglets per litter, and the mean and standard deviation of piglet birth weights within the litter. gAverage age 26.7 d. Other components of the model were as in foomote f plus weaning age. *P<.05. sured as total, live-born or weaned piglets (table  6) . Litters from primiparous sows had a smaller percentage of stillbirths than did those from multiparous sows (P<.10). English et al. (1977) reported increasing number of stillbirths as sows age. The live-born piglets from primiparous sows were more likely to survive to weaning than were those from older sows (P=.10). Parity of the dam did not affect average piglet birth weight, but piglets from primiparous sows were heavier at 7 d (P<.01) than were those born to and nursed by older sows. The size of this weight advantage did not decline from 7 d to weaning, but the difference was not significant at weaning. Piglets born to primiparous sows were more uniform in size at birth (P< .05).
The effects of various additional factors on the piglet survival rate within litter and on the weight of piglets at birth, 7 d and weaning are shown in tables 7 and 8, respectively. An increase in the litter size at birth did not significantly affect the percentage of stillbirths or the postnatal survival rate. It has been reported previously (Pettigrew, 1981) that each additional piglet born in a litter, dead or alive, reduces the overall survival rate from birth to weaning by about 2 percentage units. The regression estimates in the present study are in the same direction, but are smaller in magnitude and are not statistically significant. An increase in litter size had a negative effect on average weight at each age. An increase of one pig born depressed birth and weaning weight less in large litters than in small ones, as indicated by the positive quadratic coefficients in previously by Fahmy and Bernard (1971) . More variable litters have a higher proportion of stillbirths and of postnatal deaths (P<.05). Fahmy and Bernard (1971) and Hartsock et al. (1977) reported that about one-half of the preweaning deaths of live-born piglets occurred during the first 3 d postpartum. In the present study about the same percentage, 54.1%, occurred during the first 3 d.
Discussion
Supplementation of sows' diets with fat in late gestation has shown little or no improvement in survival rates when the normal survival rate in the herd was already above 80% (Pettigrew, 1981) . Survival rates in the various farrowing groups in this study were all above 80%, so little improvement in survival rate might be expected from the provision of additional energy to the piglets. Within the range of control survival rates found in these eight groups (78.9 to 95.1%), there was no apparent relationship between the control survival rate and the response to fat-dosing.
There is not good agreement on the ability of the very young piglet to utilize dietary fat from sources other than sows' milk. The piglets' ability to utilize sows' milk fat is quite good, aided by frequent, small meals and the highly dispersed nature of the fat in sows' milk (Kidder and Manners, 1978) . The dispersion creates a very extensive surface area, thus facilitating digestion. Corn oil and other nonmilk fat sources enter the intestine as a coarse emulsion (McDonald et al., 1981) , and thus may be considerably more difficult to digest than the sows' milk fat. Fats from vegetable and animal carcass sources are well-utilized by the very young piglet if in a liquid diet (Braude et al., 1976; Cline et al., 1977) . Some studies have suggested that the young weaned pig is not capable of utilizing non-milk dietary fat (Frobish et al., 1970) but subsequent research (Allee et al., 1971; Leibbrandt et al., 1975) with a different experimental approach indicated that the young pig can, indeed, utilize fat sources other than sows' milk fat.
The delay in mortality of the piglets low in birth weight and given the oral corn oil suggests that there was a biological effect, and that some of these small piglets were protected during the dosing period. One should not conclude from the lack of effect on survival to weaning in these herds with a high survival rate that the added fat is not biologically active and may not be of practical benefit in other herds. This treatment should be investigated in herds with lower survival rates and perhaps with a larger total fat dose.
The amount of energy supplied by the fat doses was relatively small compared with the total amount of energy consumed by the piglet during the first week postpartum, and certainly from birth to weaning. Therefore, it is not surprising that there is no effect of the treatment on piglet weight. The fat was provided simply to help the piglet survive a crisis period when his energy supplies might be exceeded by his energy demands.
Calculations from data reported by Mount (1964) show the daily heat production of a 1.0 kg piglet at 30 C to be about 147 kcal. The 4 ml of corn oil provided daily in this trial would yield 61 kcal of metabolizable energy (Ewan, 1976) or about 41% of the piglet's losses. If many piglets die because of insufficient energy (Pettigrew, 1981) , this supplement might save some of them.
The present results show that the conclusions drawn from the studies with poor reproductive performance (Fahmy and Bernard, 1971; Bereskin et al., 1973) can be extended to herds with higher reproductive performance. The only apparent disagreement between this study and the earlier ones is the sex ratio of live-born piglets. It is not clear how this disagreement may be related to reproductive efficiency. Bereskin et al. (1973) found a greater survival rate of live-born piglets to weaning among females than among males. We did not find such an effect among all piglets, but we did find that, among piglets of below-average birth weight (1,000 to 1,250 g), females were more likely to survive to 3 d (97.0%) than were males (91.8%, P<.05). It is notable that the average birth weight in the earlier study, at 1,185 g, falls within this 1,000 to 1,250 g range-much lower than the mean of 1,437 g in the present study. All of this supports the statement by Bereskin et al. (1973) that heavier birth weight is more important for survival in male than in female piglets.
Provision of supplemental energy via oral doses of com oil to one-half of the piglets in this study improved the survival rate to 3 d of piglets weighing 1,000 to 1,250 g at birth. Across all birth weights females were more likdy to survive to 3 d among control (no corn oil) but not among the corn oil-treated piglets. This supports the concept that the male piglet is more fragile than the female, and that positive factors such as greater birth weight and supplemental energy are more important to his survival during the first 3 d postpartum. This fragility cannot be attributed to castration, which was not performed until after 3 d postpartum.
The comparisons between primiparous and multiparous sows shown in table 6 are not corrected for the differences in litter size between the two groups, so one might speculate that the apparent parity effects seen in piglet survival and growth are largely litter size effects and not parity effects per se. However, calculations using the partial regression coefficients from tables 7 and 8 show litter size to account for no more than about one-third of the observed parity differences in survival rate and in weight at 7 d. The adjustment of the weaning weight values for litter size would reverse the direction of the difference. Further correction for the difference in birth weight standard deviation between parities accounts cumulatively for most of the observed differences in survival rates, but for only about one-half of the differ-ence in weight at 7 d. Overall, it appears that the primary effects of parity are on the total number of piglets born and the variability of their birth weight.
It is not obvious why piglet birth weight should be more uniform in litters from primiparous than from multiparous sows. Birth weight standard deviation increased with increasing litter size (P<.02), but not nearly enough to explain the parity effect.
Tables 9 and 10 are presented in order to put into perspective the relative magnitude of the effects shown in tables 5 to 8. These tables show the parity and sex effects, along with the estimated effects of lo increase from the mean in each of the numeric factors considered.
The effects of parity on piglet survival are larger than the effects of sex or a lo change in any of the numerical factors (table 9). The variability of birth weight has important effects throughout, while the mean birth weight within the litter is important for postnatal survival. Litter size seems of little importance to survival rate until after 3 d of age. The effect of sex was greater at 3 d than at weaning.
The overwhelming importance of birth weight and the lack of importance of birth weight uniformity on piglet weight at 7 d and at weaning is shown in table 10. The importance of competition among littermates is demonstrated by the negative effects of large litters and large littermates. Parity of dam and sex of piglet are of limited importance with respect to growth from birth to weaning.
A statistical analysis similar to the one that produced the information in table 8 was performed including only the data from small piglets, with birth weight less than 1,250 g. The results (table 11) suggest that variability of birth weight is considerably more detrimental to growth in these piglets of small birth weight than to all piglets combined. The effects of litter size and mean birth weight are also larger, but the individual piglet's birth weight is less important within the small range allowed for these small piglets.
Bel Isle and England (1977) reported that much of the piglet postnatal mortality occurs in a relatively few litters, specifically that 46% of the deaths occurred in only 18% of the litters, each of which had at least four deaths. In the present study, 40% of the deaths occurred in the 11% of the litters with four or more deaths. There was considerable variation among farrowing groups and among herds in the proportion of litters falling into this cate- (Steel and Torrie, 1960) . There were more pigs per litter in the high-mortality litters at birth (P<.001) and 3 d (P<.10) but not at weaning. Piglets in these litters were smaller at birth (P<.01), 7 d (P<.001) and weaning (P<.001) than were those in the other litters. They were more variable (P<.001) in weight within litter at 7 d and weaning, but not at birth.
Much of the variability in the dependent variables examined was not accounted for by the factors studied, and others have reported similar observations (Fahmy and Bernard, 1971; Bereskin et al., 1973) . Specifically, parity, linear and quadratic effects of the total number of piglets born, and the mean and stan- dard deviation of birth weights Within litter accounted for only 16.0% of the variation in the within-litter percentage of piglets born alive, and 17.6% of the variation in the withinlitter percentage of live-born piglets surviving to 3 d. The same factors plus weaning age accounted for 23.5% of the variation in the percentage of live-born piglets surviving to weaning. Parity, sex and linear and quadratic effects of the total number of piglets born accounted for 14.3% of the variation in birth weight. These factors plus corn oil treatment, linear and quadratic effects of birth weight and the mean and standard deviation of birth weights in the litter accounted for 50.9% of the variation in weight at 7 d. All of these factors plus weaning age accounted for 43.5% of the variation in weaning weight. There were frequently significant differences among farrowing groups.
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